Abstract-When a sinewave grating is moving within a cross-shaped aperture, a strongly multi-stable phenomenon is perceived. The percept switches between the coherence of an extended surface moving in a single direction and the segregation of two patterned strips sliding across each other in directions parallel to the branches of the cross. We studied how the balance between these two percepts is affected by the length of the arms and by the shape of their ends. We report here that human observers report the segregation into two surfaces more often when the branches of the cross are extended, and when the small sides of the arms are oriented parallel to the grating.
INTRODUCTION
Since the visual system usually has to deal with extended fields of optic flow, a key issue for our understanding of motion perception concerns the mechanisms that are involved in the integration and the segregation of motion signals distributed across space (Braddick, 1993) . Long-range interactions between motion patches may play an important role in the integration/ segregation process, but have so far only attracted little attention. Recently, however, it has been proposed that grouping processes, especially those leading to the representation of moving surfaces, involve long-range interactions between regions which may often be non-contiguous in space or time (Braddick, 1997) .
In the work presented in the following, we use a multi-stable motion stimulus to test such interactions, namely the crossed barber-pole, which has been briefly described in a different context (Todorovic, 1990; Ho and Berkley, 1991) . In its basic form, the display consists of a moving grating that is presented behind a crossshaped aperture, as if two barber-pole stimuli (Wallach, 1935; Wuerger, Shapley and Rubin, 1996) were orthogonally superimposed (Fig. 1, top left) . Perceptually, in some instants, the grating seems to move coherently in a single directioncoherence -either parallel to one of the two slits, or perpendicular to the grating orientation.
In some other instants, however, the two independent strips appear to slide independently across each other -segregation -in directions parallel to the branches of the cross. In this case, a strong figure-ground rivalry occurs at the intersection of the two barber-poles, i.e. any of the two strips seems to occlude the other in a bistable way. For this stimulus, similarly to the simple barber-pole, early motion detectors provide three kinds of local motion signals. The motion component perpendic.ular to the grating is extracted in regions in which no unique direction can be assigned to the displacement of the one-dimensional intensity profile (thick arrow in Fig. 1 ). These ambiguous motion components will be dubbed 1 D signals' in the following. The two different motion components, horizontal and vertical, that are elicited at the parts of the stimulus where the grating intersects with the aperture border (as indicated by the small arrows in Fig. 1, top left) will be dubbed '2D signals' because a two-dimensional direction can be assigned in these regions (i.e. at the barendings). The different motion components are distributed across space and must be integrated by the visual system in order to yield a unitary motion percept. The approach which forms the basis of our work assumes that the local low-level motion signals, classically associated with the directional responses of cells in cortical area V 1, are independent from each other, as indicated by the restricted receptive fields of these neurons. It should be noted though that the visual information about the relative positions and motions of features separated by several degrees may be correlated rather than independent (cf. Lappin and Kojima, 1998) . However, additional work is necessary to see how these studies addressing, the acuity for relative motion, apply to the 'aperture problem', i.e. to the extraction of the local motion direction along a one-dimensional contour.
In this context, it seems a
